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Abstract: 

PURPOSE: To provide a focus control system capable of accurately bringing a lens to a focusing 
position at high speed in an interchangeable lens coupled range finder AF camera. 

CONSTITUTION: When an interchangeable lens 2 is attached and a main switch is turned on, lens kind 
information is transmitted to a CPU 12 from a lens side circuit 18 as a voltage value. Then, a flange back 
correction signal is transmitted. Lens data is read out from a non- volatile memory 13. In an AF mode, 
range-finding information is obtained from a passive range-finding part so as to calculate the number of 
pulses from the infinite position to the focusing position of the lens and add the number of pulses 
adjusted according to the flange back correction signal to the calculated number of pulses. By 
controlling a motor driving circuit 14, the focus ring 20 of the lens is rotated. When the number of 
pulses from an encoder 15 coincides with the added number of pulses, the driving of the motor is 
stopped. Thus, the lens is brought to the focusing position. 
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(11) Japanese Patent Laid-Open No, 7-325246 
(43) Laid-Open Date: December 12, 1995 

(21) Application No. 6-140949 

(22) Application Date: May 31, 1994 

(71) Applicant: Kyocera Corporation 

(72) Inventor: Yukifumi HASHIBA 

Koji TODA 
Akira ODA 
Takakazu KOBAYASHI 
Masao TSUJIMURA 
(74) Agent: Patent Attorney, Hisashi INOGUCHI 

(54) [Title of the Invention] CAMERA FOCUS CONTROL SYSTEM 

(57) [Abstract] 

[Object] To provide a focus control system capable of 
moving a lens to the focus position with high accuracy at 
high speed in an interchangeable-lens range-finder AF camera. 

[Construction] When an interchangeable lens 2 is mounted 
and a main switch is turned on, lens-type information is 
transmitted as a voltage value from a lens-side circuit 18 
to a CPU 12. A flange-back correction signal is also 
transmitted. Lens data is read from a non-volatile memory 
13. In an AF mode, range-finding information is obtained 
from a passive range-finding unit to determine the number of 
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pulses from the infinity position to the focus position of 
the lens, and the number of pulses adjusted according to the 
flange-back correction signal is added. A motor driving 
circuit 14 is controlled to rotate a focus ring 20 of the 
lens. When the number of pulses from an encoder 15 matches 
the number of added pulses, the motor driving is stopped. 
Then, the lens is moved to the focus position. 



- 3 - 



[Claims ] 

[Claim 1] In an interchangeable-lens range-finder camera, a. 
camera focus control system, 

wherein the lens is provided with a lens-side circuit 
for outputting a lens type signal indicating a focal length 
of an interchangeable lens and a signal indicating a lens 
start position; 

the camera is provided with an external range-finding 
unit for obtaining distance information to an object, and a 
focus dial capable of arbitrarily setting a distance to the 
object when an MF mode is selected; and 

a control circuit that, upon receiving the lens type 
signal, the lens start position signal, and the distance 
information to the object or a set value of the focus dial, 
performs calculation to determine the number of pulses from 
an infinity reference to a focus position of the lens and 
that drives the lens according to the number of pulses 
determined to perform focus control is provided. 
[Claim 2] A camera focus control system according to claim 
1, wherein the lens type signal is represented by a voltage 
value from the lens, and the control circuit determines the 
voltage value to obtain focal length information of the lens. 
[Claim 3] A camera focus control system according to claim 
1 or 2, wherein the lens includes a volume-equipped flange- 
back adjustment circuit for outputting a voltage value for 
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flange-back adjustment, the volume level is adjusted to set 
a flange-back correction voltage value unique to each lens, 
and the correction voltage value is read at the time of 
starting up the camera to perform flange-back-adjusted focus 
control. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to a focus control system of an AF camera having an 
interchangeable lens and a range finder that can be adjusted 
according to the magnification corresponding to the type 

(angle of view) of the interchangeable lens , for external 
range finding. 

[0002] 

[Description of the Related Arts] An interchangeable-lens 
range-finder AF camera having an interchangeable 
photographic lens and a range finder that can be adjusted 
according to the magnification corresponding to the type of 
the interchangeable lens, using an AF passive range-finding 
system, is conceivable. In typical single-lens reflex 
cameras, light branched from a chief ray passing through an 
interchangeable lens is received by an AF sensor to 
determine AF information based on a phase difference, etc., 
and the interchangeable lens is driven to focus the light. 
Thus, it is not necessary to obtain lens-type information 
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such as the focal length of the interchangeable lens. 
[0003] 

[Problems to be Solved by the Invention] However, such an 
interchangeable-lens range-finder AF camera uses an external 
range-finding system, and, because the amount of lens 
movement with respect to the amount of rotation of a driving 
motor is different from one interchangeable lens to another, 
it is necessary to obtain information about this. It is 
also a problem how a lens that is actually driven is moved 
to the focus position with high accuracy. It is an object 
of the present invention to provide a focus control system 
capable of moving a lens to the focus position with high 
accuracy at high speed in an interchangeable-lens range- 
finder AF camera. 

[0004] 

[Means for Solving the Problems] In order to achieve the 
object, a camera focus control system according to the 
present invention is configured such that, in an 
interchangeable-lens range-finder camera, the lens is 
provided with a lens-side circuit for outputting a lens type 
signal indicating a focal length of an interchangeable lens 
and a signal indicating a lens start position; the camera is 
provided with an external range-finding unit for obtaining 
distance information to an object, and a focus dial capable 
of arbitrarily setting the distance to the object when an MF 
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mode is selected; and a control circuit that, upon receiving . 
the lens type signal, the lens start position signal, and 
the distance information to the object or a set value of the 
focus dial, performs calculation to determine the number of 
pulses from an infinity reference to a focus position of the 
lens and that drives the lens according to the number of 
pulses determined to perform focus control is provided. 
[0005] In the present invention, in addition to the 
configuration described above, the lens type signal is 
represented by a voltage value from the lens, and the 
control circuit determines the voltage value to obtain focal 
length information of the lens. Moreover, in the present 
invention, in addition to the configuration described above, 
the lens includes a volume-equipped flange-back adjustment 
circuit for outputting a voltage value for flange-back 
adjustment, the volume level is adjusted to set a flange- 
back correction voltage value unique to each lens, and the 
correction voltage value is read at the time of starting up 
the camera to perform flange-back-adjusted focus control. 
[0006] 

[Operation] According to this structure, high-speed and 

high-accuracy focus control is achievable. 

[0007] 

[Embodiments] The present invention will now be described 
in more detail with reference to the drawings. Fig. 1 is a 
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perspective view showing the appearance of an 
interchangeable-lens range-finder AF camera that uses a 
focus control system according to the present invention. A 
focus dial 4 is disposed at a top edge of a camera body 1. 
An AF-MF switching button 4a is disposed in the center of 
the focus dial 4. By pressing the AF-MF switching button 4a, 
an AF mode and an MF mode are switched. In the AF mode, the 
focus, dial 4 is fixed. In the MF mode, the focus dial 4 is 
rotatable from a close distance to infinity. Other than 
these, a main switch 5 and a release button 6 are disposed 
on the top face of the camera body 1 . 
[0008] A range finder 3 that is adjusted to the 
magnification corresponding to an interchangeable lens 2, 
and a passive range-finding unit 7 are disposed in the upper 
portion on the front face of the camera. The passive range- 
finding unit 7 obtains light receiving position information 
of light from an object, which enters from a base-side lens 
and a reference-side lens whose light axes are a base length 
apart, and performs calculation to determine the distance to 
the object. A camera^side electrical contact pin 9 is 
disposed in the lower portion of a mount 22 of the camera 
body 1, and a lens driving coupler 8 is disposed in the 
lower right portion of the mount 22. The interchangeable 
lens 2 is mounted to the mount 22 by attaching an electrical 
contact pad 24 and a coupler 21 (see Fig. 2) to the camera- 
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side electrical contact pin 9 and the lens driving coupler 8 
face-to-face, and is engaged therewith by rotating a portion 
of the interchangeable lens 2 at a certain angle. Parts 
that are not given reference numerals in Fig. 1 are not 
directly related to the present invention, and a description 
thereof is thus omitted. 

[0009] Fig. 2 is a circuit diagram showing an embodiment of 
a circuit of the focus control system according to the 
present invention. A CPU (control circuit) 12 performs 
calculation such as focus control operation, and also 
performs other control necessary for the camera. A slide 
resistor substrate 11 is fixed to the axis of the focus dial 
4, and a resistor pattern is formed on the top surface of 
the slide resistor substrate 11. A contact piece 23 is 
disposed on the top surface of the slide resistor substrate 
11. In the MF mode, the sliding resistance value changes 
according to the amount of rotation of the focus dial 4 (to 
determine the distance to the object) . In the AF mode, an 
AF indication signal is output. 

[0010] Fig. 3 shows a relationship of the voltage value 
output as a resistance value of the slide resistor substrate 
11 with respect to the AF position and a variation from MF 
infinity to close distance of the focus dial. At the AF 
position, a voltage V A is output. In the MF mode, Voo is 
output at infinity, and V M is output at the close distance. 
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These voltages are transmitted to the CPU 12. The 
interchangeable lens 2 includes a lens-side circuit 18. As 
shown in Fig. 4, the lens-side circuit 18 includes a lens- 
type determination signal output circuit 18a and a flange- 
back correction signal output circuit 18b. The lens-type 
determination signal output circuit 18a outputs a voltage 
corresponding to the focal length (angle of view) of the 
interchangeable lens. For example, assuming that a wide- 
angle lens, a standard lens, and a telephoto lens are 
prepared in advance, the lens-type determination signal 
output circuits 18a of these lenses output voltage values V s , 
V N , and V T , respectively. 

[0011] The flange-back correction signal output circuit 18b 
includes a volume-equipped flange-back adjustment circuit IC, 
and outputs a flange-back correction signal at focus control 
time. The flange-back is corrected for by coarse adjustment 
and fine adjustment. The coarse adjustment is performed by 
the lens itself in a mechanical manner, such as washer 
clipping. The fine adjustment is performed by a flange-back 
correction signal output from the flange-back correction 
signal output circuit 18b, and the flange-back correction 
signal is set by adjusting the volume level at lens assembly 
time. Even interchangeable lenses having the same angle of 
view undergo individual adjustment of the flange-back 
correction . 
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[0012] The lens-type determination signal and the flange- 
back correction signal are transmitted to the CPU 12 via the 
lens-side electrical contact pad 24 and the camera-side 
electrical contact pin 9. The CPU 12 determines which type 
of interchangeable lens is mounted based on the voltage 
value of the lens-type determination signal, and reads lens 
information corresponding to this interchangeable lens from 
a non-volatile memory 13. In the AF mode, the CPU 12 
determines the number of motor driving pulses for moving a 
focus ring 20 from an infinity code pattern edge (see Fig. 
6) to the focus position based on the range-finding 
information from the passive range-finding unit 7, the lens 
information, and the flange-back correction signal. In the 
MF mode, the number of motor driving pulses is also 
determined not based on the range-finding information from 
the passive range-finding unit 7 but based on distance 
information set by the focus dial 4. 

[0013] The CPU 12 controls a motor driving circuit 14 to 
drive and rotate a motor 16. The rotation of the motor 16 
is decelerated by a reduction gear group 17, and the focus 
ring 20 is rotated via the lens driving coupler 8 and the 
coupler 21 to extend and retract the lens. The reduction 
gear group 17 includes an encoder 15, and the encoder 15 
uses a two-phase photocoupler to output pulse waveforms that 
are phase-shifted by 1/4 A,. Based on the shifted timing of 
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the two pulse waveforms, the rotation direction is also 
determined. The interchangeable lens 2 includes a lens code 
substrate 19. A lens brush is slid in contact with a code 
pattern on the lens code substrate 19 as the focus ring 20 
rotates . 

[0014] Fig. 5 is a schematic front view showing an 
embodiment of the lens code substrate. The lens code 
substrate 19 has a circular shape. A ground pattern' 28 is 
formed along a circular portion of the lens code substrate 
19, and a close-distance code pattern 26 and an infinity 
code pattern 27 are formed at both ends of the ground 
pattern so as to extend in parallel. A lens brush 25 
includes two contact pieces 25a and 25b. side-by-side, and 
moves onto the pattern so that the contact piece 25b is 
contacted with the ground pattern 28 and the contact piece 
25a is contacted with the close-distance code pattern 26 and 
the infinity code pattern 27. The flange-back correction 
signal output circuit 18b is disposed in the lower right 
portion of the circular portion, and the lens-side 
electrical contact pad 24 is disposed in the lower portion 
of the circular portion. 

[0015] Fig. 6 shows the linearly elongated version of the 
patterns. In Fig. 6, which is viewed from the back side of 
Fig. 5, the close-distance-side code pattern and the 
infinity-side code pattern are in position opposite each 
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other. Referring to Figs. 5 and 6, an infinity-side 
mechanical stop position A and a close-distance side 
mechanical stop position G are mechanical stop positions 
from which the lens brush 25 cannot move further towards the 
outside. A lens initial position B is a position at which 
the lens initially stands by at focus control time. An 
infinity code pattern edge C is a position at which an 
encoder pulse is started counting. An optical infinity 
position D is a position at which the lens is focused at the 
infinity position. A close-distance code pattern edge E 
indicates a certain position before the lens reaches an 
optical close-distance position F. The optical close- 
distance position F is a position where the lens is focused 
at the close-distance position. 

[0016] A lens reference position SW is composed of the 
contact pieces of the lens brush 25, the infinity code 
pattern 27, and the ground pattern 28. When the contact 
piece of the lens brush 25 reaches the infinity code pattern 
27 , the contact piece and the infinity code pattern 27 are 
electrically connected and are turned on, and an infinity 
code signal is output. When the lens brush 25 reaches the 
close-distance code pattern 26, a close-distance code 
pattern is output. At the focusing time, the lens is moved 
from the optical infinity position D to the optical close- 
distance position F. 
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[0017] Figs. 7 and 8 are flowcharts for showing the focus 
control operation of the present invention. First, when the 
main switch 5 is turned on, the control circuit portion of 
the camera is initiated (S x ) . By turning on the main switch 
5, the CPU 12 starts a control operation. The CPU 12 
determines whether a lens lock switch (not shown) is turned 
on or not (S 2 ) . In a state where no interchangeable lens is 
mounted, the lens lock switch is not turned on. If it is 
determined that the lens lock switch is in an ON state, it 
is determined whether the lens reference position switch is 
turned on or not (S 3 ) . When the lens reference position 
switch is on, it is determined that the lens brush 25 rests 
at the lens initial position B. In this case, the process 
proceeds to step S 7 . However, when the lens reference 
position switch is off, the lens is positioned apart from 
the infinity code pattern 27, and the CPU 12 controls the 
motor driving circuit 14 to drive and rotate the motor 16 
towards infinity (S 4 ) . 

[0018] Then, it is determined whether or not the lens 
reference position switch is turned on (S 5 ) . When the lens 
reference position switch is turned on, the lens driving is 
stopped (S 6 ) . As a result, the lens brush 25 is moved to 
the lens initial position B. Then, the process proceeds to 
step S 7 . In step S 7 , the CPU 12 reads the interchangeable- 
lens voltage value from the lens-type determination signal 
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output circuit 18a, and determines the type of 
interchangeable lens from this voltage value (S 7 ) . Based on 
this determination result, the CPU 12 accesses the non- 
volatile memory 13, and reads the lens information 
corresponding to this lens (S 8 ) . Then, a voltage value of 
the flange-back correction signal is fetched from the 
flange-back correction signal output circuit 18b (S 9 ) . 
[0019] The CPU 12 determines the number of infinity- 
position adjustment-amount pulses indicating the amount by 
which the infinity position is to be adjusted with respect 
to the optical infinity position D from the lens information 
and the voltage value of the flange-back correction signal 
(S 10 ) . The amount of adjustment is within a range of a 
flange-back adjustment width 29. Then, it is determined 
whether or not the release button 6 has been pressed for 
photographing (S 1:L ) . In the AF mode designated by the AF-MF 
switching button 4a, range-finding information is 
transmitted from the passive range-finding unit 7, and the 
CPU 12 determines the distance to the object (S 12 ) . Then, 
the number of lens driving pulses to the focus position is 
determined with reference to the infinity code pattern edge 
(infinity reference) C (S 13 ) , and the number of infinity- 
position adjustment-amount pulses determined in step S 10 and 
the number of lens driving pulses determined in step S 13 are 
added (S 14 ) . The number of added pulses is equal to the 
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number of pulses to the focus position. 

[0020] The CPU 12 controls the motor driving circuit 14 to 
drive the motor towards the close distance (S 15 ) , and detects 
the position at which the lens reference position switch is 
turned off (S 16 ) . That is, the infinity code pattern edge C 
is detected. When the infinity code pattern edge C is 
detected, the number of pulses transmitted from the encoder 
15 is started counting from this time (S 17 ) . While 
continuously counting the number of pulses, the number of 
pulses determined in step S 14 is compared to the count value 
of the number of pulses from the encoder, and it is 
determined whether or not a match is found therebetween (S 18 ) 
When a match is found, the motor 16 is stopped (S 19 ) , and 
pulse counting is also stopped (S 2 o) • Thus, the lens is 
moved to the focus position. After shutter control, the 
process returns to step S lf and the operations till step S 10 
is performed again. In step S 12 , distance information is 
received from the passive range-finding unit 7 in the AF 
mode, while distance information set by the focus dial 4 is 
obtained in the MF mode. 
[0021] 

[Advantages] As described above, according to the present 
invention, there is an advantage that, in an 

interchangeable-lens range-finder AF camera, a focus control 
system capable of moving a lens to the focus position with 
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high accuracy at high speed is achievable. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a perspective view showing the 
appearance of an interchangeable-lens range-finder AF camera 
using a focus control system according to the present 
invention. 

[Fig. 2] Fig. 2 is a circuit diagram showing an embodiment 
of a circuit of the focus control system according to the 
present invention. . 

[Fig. 3] Fig. 3 is an illustration showing a relationship 
between the focus position by a focus dial and a voltage. 

[Fig. 4] Fig. 4 is a circuit diagram showing the details of 
a lens-side circuit. 

[Fig. 5] Fig. 5 is a schematic front view showing an 
embodiment of a lens code substrate. 

[Fig. 6] Fig. 6 is an illustration showing the position 
relationship of a lens code pattern shown in Fig. 5 that is 
linearly elongated. 

[Fig. 7] Fig. 7 is a flowchart for showing an operation 
from when a main switch is turned on until when a release 
button is pressed. 

[Fig. 8] Fig. 8 is a flowchart for showing an operation 
from when the release button is turned on until when shutter 
control is performed. 
[Reference Numerals] 
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1: camera body 

2: interchangeable lens 

3: finder 

4: focus dial 

5: main switch 

6: release button 

7: passive range-finding unit 

8: lens driving coupler 

9: camera-side electrical contact pin 

10: lens attach/detach button 

11: slide resistor substrate 

12: CPU (control circuit) 

13: non-volatile memory 

14: motor driving circuit 

15: encoder 

16: motor 

17: reduction gear group 

18: lens-side circuit 

19: lens code substrate 

20 : focus ring 

21: coupler 

22: mount 

24: lens-side electrical contact pad 

.25: lens brush 

26: close-distance code pattern 
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27: infinity code pattern 

28: ground pattern 

29: flange-back adjustment width 

30: focus range 
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FIG. 1 

1 . . CAMERA BODY 

2 . . INTERCHANGEABLE LENS 

3 . . RANGE FINDER 

4 . . FOCUS DIAL 

4a . . AF-MF SWITCHING BUTTON 

5 . . MAIN SWITCH 

6 . . RELEASE BUTTON 

7 . . PASSIVE RANGE- FINDING UNIT 

8 . . LENS DRIVING COUPLER 

9 . . CAMERA-SIDE ELECTRICAL CONTACT PIN 

10 . . LENS ATTACH/DETACH BUTTON 
22 . . MOUNT 

FIG. 2 

1 . . CAMERA BODY 

2 . . INTERCHANGEABLE LENS 
4 . . FOCUS DIAL 

8 . . LENS DRIVING COUPLER 

9 . . CAMERA-SIDE ELECTRICAL CONTACT PIN 

11 . . SLIDE RESISTOR SUBSTRATE 

13 . . NON -VOLATILE MEMORY 

14 . . MOTOR DRIVING CIRCUIT 

15 . . ENCODER 

16 . . MOTOR 
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17 . . REDUCTION GEAR GROUP 

18 . . LENS-SIDE CIRCUIT 

19 . . LENS CODE SUBSTRATE 

20 . . FOCUS RING 

21 . . COUPLER 

23 . . CONTACT 

24 . . LENS-SIDE ELECTRICAL CONTACT PAD 
A .. RANGE-FINDING INFORMATION 

FIG. 3 

A . . VOLTAGE 

B . . FOCUS POSITION 

C . . MF ADJUSTMENT RANGE 

D . . oo POSITION 

E . . CLOSE-DISTANCE POSITION 



FIG. 4 

18 . . LENS-SIDE CIRCUIT 

18a . . LENS-TYPE DETERMINATION SIGNAL OUTPUT CIRCUIT 
18b . . FLANGE- BACK CORRECTION SIGNAL OUTPUT CIRCUIT 

FIG. 5 

18b . . FLANGE-BACK CORRECTION SIGNAL OUTPUT CIRCUIT 

19 . . LENS CODE SUBSTRATE 

24 . . LENS-SIDE ELECTRICAL CONTACT PAD 
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25: LENS BRUSH 

26: CLOSE-DISTANCE CODE PATTERN 

27: INFINITY CODE PATTERN 

28: GROUND PATTERN 

29: FLANGE-BACK ADJUSTMENT WIDTH 

30: FOCUS RANGE 

A . . INFINITY-SIDE LENS MECHANICAL STOP POSITION 

B . . LENS INITIAL POSITION 

C . . INFINITY CODE PATTERN EDGE 

D . . OPTICAL INFINITY POSITION 

E . . CLOSE-DISTANCE CODE PATTERN EDGE 

F . . OPTICAL CLOSE-DISTANCE POSITION 

G . . CLOSE-DISTANCE-SIDE MECHANICAL STOP POSITION 

FIG. 6 

26: CLOSE-DISTANCE CODE PATTERN 

27: INFINITY CODE PATTERN 

28: GROUND PATTERN 

A . . INFINITY-SIDE LENS MECHANICAL STOP POSITION 

B . . LENS INITIAL POSITION 

C . . INFINITY CODE PATTERN EDGE 

D . . OPTICAL INFINITY POSITION 

E . . CLOSE-DISTANCE CODE PATTERN EDGE 

F . . OPTICAL CLOSE-DISTANCE POSITION 

G . . CLOSE-DISTANCE-SIDE MECHANICAL STOP POSITION 
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H . . THE AMOUNT OF MOVEMENT FROM INFINITY TO CLOSE DISTANCE 
FIG. 7 

SI . . MAIN SW TURNED ON 

S2. ... LENS LOCK SW TURNED ON 

53 . . LENS REFERENCE POSITION SW TURNED ON 

54 . . START DRIVING LENS TOWARDS INFINITY 

55 . . LENS REFERENCE POSITION SW TURNED ON 

56 . . STOP DRIVING LENS 

57 . . READ LENS TYPE (CHECK VOLTAGE) 

58 . . READ CORRESPONDING LENS DATA FROM CAMERA INTERNAL 
MEMORY 

59 . . FETCH INFINITY-POSITION ADJUSTMENT VOLTAGE (CHECK 
VOLTAGE) 

510 . . DETERMINE THE NUMBER OF INFINITY-POSITION 
ADJUSTMENT-AMOUNT PULSES FROM LENS DATA AND READ VOLTAGE 

FIG. 8 

511 . . RELEASE SW TURNED ON 

512 . . DETERMINE/CALCULATE DISTANCE 

513 . . DETERMINE THE NUMBER OF LENS DRIVING PULSES AT 
INFINITY REFERENCE 

514 . . ADD THE NUMBER OF INFINITY-POSITION ADJUSTMENT- 
AMOUNT PULSES DETERMINED IN S10 TO THE NUMBER OF LENS 
DRIVING PULSES DETERMINED IN S13 



. START DRIVING TOWARDS CLOSE DISTANCE 
. LENS REFERENCE POSITION SW TURNED ON 
. START PULSE COUNTING 

. DRIVEN BY PULSES DETERMINED IN S14? 

. STOP DRIVING 

. STOP PULSE COUNTING 

. ' SHUTTER CONTROL 

TO START 

TO START 



